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Wildlife corridors are landscape elements that allow species and processes to flow freely across sections
of intact habitat, connecting the ecosystems within the landscapes. Thus, in a particular environment, the
areas thatlink the scattered habitat patches are known as corridors. The main goal of creating conservation
corridors is to counter and, to the extent possible, mitigate the effects of habitat loss and fragmentation
on the biodiversity of the landscape, as well as to support the continuation of land use for vital local and
international economic activities in reference. In this study, a network of wildlife corridors with the tiger
(Panthera tigris tigris) as the focus species using game theory, graph theory, membership functions, and
chain coding algorithm is modelled and designed. To create a graph that represents the habitat patches that
support tiger presence in the landscape complex as vertices and potential routes between them as edges,
initially the parameters that would impact the tiger population in the landscape complex are explored.
Tigers are treated as individual players in the Assurance game that has been used to plan the transit of
tigers via potential pathways. The tiger moves across each grid that has been taken into consideration for
the model when the game is played iteratively. The iteration causes the tiger to choose the most suitable
path signifying the emergence of adaptability.

Keywords: Landscape Complex; Corridor; Assurance Game; Graph Theory; Chain Code Algorithm; Finite

Deterministic Automata

Introduction

The degree to which the environment allows for transit across
resource habitat patches is known as landscape connectivity [1,2]. A
corridor is defined as an area, typically linear and enclosed in a ma-
trix within a landscape, that connects two or more habitat patches,
thereby establishing a link between the habitats, and that is intended
for conservation on the grounds that it will enhance or maintain the
passage of key wildlife populations in the concerned habitat patch-
es. Additionally, a technique for route selection as the movement of
individuals of the target species through a corridor from one habitat
patch to another is defined through the work [3]. As mentioned by the
statement above, wildlife corridors are essential elements of ecolog-
ical landscapes. Wildlife corridors are designed to make it easier for
processes and creatures to flow across regions of the landscape that
are under consideration. Thus, in a particular environment, corri-

dors are areas that often contain native vegetation and connect other
isolated and fragmented animal habitat patches [3,4]. The two main
groups of components that make up corridors, which are essential
parts of landscapes, are pattern components and process components
[4]. The categories of wildlife corridors are shown by the structural
and functional functionalities. The functional corridor is a product of
both the species and the landscape, and the structural categorization
relates to the geographical presence of the landscape between the fo-
cal patches.

Therefore, a functioning wildlife corridor relates to both a notion
peculiar to a species and a landscape. As a result, corridors may be
seen as developing phenomena that are brought about by interac-
tions between local processes and pattern features. By facilitating
the movement of both biotic and abiotic processes, wildlife corridors
ensure gene flow between spatially separate populations of species

Copyright@ : Saurabh Shanu | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008196.

43302


https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2023.52.008196

Volume 52- Issue 1

DOI: 10.26717/BJSTR.2023.52.008196

that have become fragmented due to landscape changes [4-7]. This is
the fundamental purpose and utility of wildlife corridors. Research-
ers have demonstrated that presence of species-specific wildlife cor-
ridors within a given landscape to be instrumental in increasing gene
flow and population sizes of the species [6,7-10]. The considerations
suggest that any accurate modelling to create wildlife corridors must
be a species-specific endeavor, with a suitable habitat selection for the
relevant target species. The present work outlines a computational
process for creating a corridor for the Tiger (Panthera Tigris Tigris).
The relative spatial location of national reserves in relation to one
another proves to be a crucial consideration when making resource
allocation decisions for a biogeographically diverse and vast country
like India. This can either protect existing tiger corridors or, in some
cases, even create proper wildlife corridors.

Therefore, choosing the critical tiger habitats (CTH) in such a de-
cision-support model must take into account how their spatial struc-
ture ensures a high degree of interconnectedness within the heavily
human-dominated landscapes, throughout the course of a long-term
land-use scenario. Designing the connectivity among the current
(or even possible) habitats or CTH using a network model would be
one way to accomplish the goal. Each tiger habitat in such a network
would be considered a vertex, and the tiger corridors connecting
these vertices would be the edges. This paper’s main goal is to pres-
ent a fundamental computational architecture for comprehending a
workable corridor network design inside the focal landscape complex
for tigers. The basic notion of connectedness, according to which the
presence and feasibility of a corridor must be recognized and totally
decided by the landscape characteristics and structure, is the center
of all arguments and observations in this study. The planning and de-
signing of tiger corridors within the terrain is defined as a connectivi-
ty subgraph problem [3]. The conflict between the travelling tiger and
the terrain characteristics brought about mostly by human activity is
then included via an assurance game. Further, the work demonstrates
an optimized way and utilize these optimized paths to create a Deter-
ministic Finite Automata to produce the language for creating corri-
dors, which may be asserted as a rule foundation for corridor design
after being aware of the potential costs.

The current work is mostly semi-empirical and schematic in form,
despite references to a landscape map of the focal complex. However,
the proposed model is of the opinion that the work could serve as
a schema for an informed decision-making by conservationists and
wildlife managers when designing real-world corridors because it
focuses on the presence or absence of corridors linking various ti-
ger habitats in the complex, the distances involved, and the ease of
movement for the tiger through these corridors. Section 2 contains
the essentials of the mathematical concepts that have been used in
this paper. Sections 3 and 4 describe the modelling and the conclusion
of the work, respectively.

Background for Modelling

In the current study, a modelling technique for a tiger-friendly
wildlife corridor that makes use of a few key computational frame-
works is proposed. To make the task self-contained, the essential
concepts of these frameworks are explained in this part. Game theory
has been utilized to simulate the impact of the presence or absence of
certain factors in a grid on the selection of tigers for migration. The
choice of tigers for movement is essentially random, but computa-
tionally, what must be preferred in accordance with the tigers’ behav-
ioral pattern has been described here, which might serve as an active
approach for creating the corridors. The consequences of the signif-
icant non-linear computational interactions between the parameters
and the focal species are essentially what the results are. The current
situation is best portrayed by the assurance game. When simulating
the current interactions, it is assumed that the focal species and the
set of parameters are participants in the game and so accumulate a
sequence of pay-offs concentrating on both the co-players and their
own tactics.

To create the intricate interdependence of parameters impacting
the focus species, the game is recursively replayed across discrete
time-steps. Additionally, in the Assurance game, each participant must
always invest a little amount of resource if they want to benefit from
the strategy they have selected. Because such games accurately rep-
resent the behaviors, particularly with relation to the biological com-
munities, they would therefore best capture the flavor of coordinated,
evolutionary games [11-14]. We assume that each iteration of the
game involves the participants sharing processed data to construct
a workable interactions model for further tiger moves. Each interact-
ing tiger receives a countable quantity of data from the contributing
factor as an input at each discrete time step at a specific state, and at
the following discrete time step, it transitions to an unambiguously
determined next state. To describe the movement of the focal species,
a finite deterministic automaton is designed based on this supposi-
tion [15-17]. It is also proposed that a regular language derived from
automata may be used to understand how corridors work in terms of
exchanging information. Considering the aforementioned arguments,
the following research question has been formulated: What are the
finite deterministic automata and the transition rule/ language that
simulate the creation of wildlife corridors in the Indian landscape?

Let G(G,E,H) be a normal form, strategic game where
Viel={l,..n}cN¥,n>2 ,
() ® ={0,} is the set of interacting agents or players;

(i) X, #{ is the set of strategies for the player X =% x..xX

c= (0'1 yers O, ) € X . is the space of strategies, with being a strat-
egy profile of the game;
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(iii) IT,:X —R is the payoff function, which assigns to each
strategy profile © a real number Hi(c) , the payoff earned by

the player ®; when is played in IT =11, x...xI1, .isthe space
of payoff functions in the game.

Let an n-player Assurance game be represented by G(®,2,1‘[) ,
where @ = {@i} is the set of players, with j ¢ § = {1, 2,,,_,;1} a finite
indexsetand > 2.3 = {Ei} where 3, is the pure strategy set for
each player @, , with & :{O'ngz’---’o'n} where ¢, €ZX, forie3J is
a pure strategy profile of the game and [T = {Hl_} , the set of pay-off
functions I,: S > RVie T where S is the set of strategy profiles,
give the player’s von Neumann-Morgenstern utility TT, (0') for every
profile. To comprehend the interactions between the parameters and
Tiger that result in the building of corridors in a landscape, the assur-
ance game is employed. To analyze this n-player Assurance game, the
pay-off matrix from [18] has been utilized as follows: (Table 1) The
rewards that each participant receives for working and interacting to-
gether are represented by the matrix. The payoff matrix made it clear

that a player’s reward from a strategy depended on the proportion

Figure 1: Neighbour directions of Chain Code.

Modelling

For the purpose of the present work, we assume that the tiger
habitat patches in India constitute the vertices and the collection of
connections within this complex that connect any two of the habi-
tats constitute the edges, comprising the focal landscape complex as
a graph ]"(V’E, ‘/’r) [20]. The existence of an edge between any two
vertices represents some ecological flux, such as animal movement,
between the adjacent vertices. We first identify a set of landscape
factors or parameters, which may be natural or anthropogenic and
each of which may either constrain or support the passage of the tiger

of players in the population that play C or D. The payoffs for players
who are playing C change monotonically as more players cooperate
within the parameters. On the other hand, regardless of the number
of players that choose to defect, the player’s scoring while employing
the Defection strategy stays constant.

Table 1: n-Player Assurance payoff matrix.

Propotion of cooperations in the group
100 % 80 % 60 % 40 % 20 % 0%
C 20 14 8 1 -8 -15
D 6 6 6 6 6 6

The factor by which each parameter in the input space is trans-
ferred to a membership value (or degree of membership) between 0
and 1 is described by a membership function (MF), which is a degree
value curve. The whole grid area that would be considered for the
landscape serves as the input space for the current modelling.

Alinked series of pixels is used to depict an edge using chain code
[19]. According to (Figures 1a & 1b) this representation often relies
on 4 (or) 8 connections between the segments. Each segment’s direc-
tion is coded using a numbered system (Figure 1).

A

(b)

through the focal landscape matrix to various degrees, and hence be-
come the main determinants in the structural connections becoming
a corridor, in order to model the possible paths to serve as passag-
es for tigers from one habitat patch to another habitat patch within
any considered landscape complex. For describing the present model,
[21] we consider five parameters a, b, ¢, d and e. We assume that tigers
in the landscape and the set of above mentioned parameters of the
landscape constitute the two rational agents that play the Assurance
game [22] iterated over a number of generations. The players may
use a number of strategies in the game in order to optimize their pay-
off.
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Table 2: Coding for the tiger habitats in the complex.

S.No Tiger habitat Code
1 Habitat 1 1
2 Habitat 2 2
3. Habitat 3 3
4 Habitat 4 4

These payoffs are the costs incurred by the tiger population
(called tiger henceforth in the paper) in using the landscape matrix
for movement between habitats. These benefits are offset by the
expenses the tiger population (hence referred to as the tiger in the
research) incurs when using the landscape matrix to travel across
habitats. Next we code the different tiger habitats [23] included in

HABITAT 1

the focal landscape complex, by the following (Table 2): In order to
explain the model we create a random landscape image as shown in
(Figure 2) (Table 1) and the map in (Figure 2) lead to an adjacency
matrix, i =1,2,...,n; j =1,2,...,n , where n = 4 for tiger habitat
patches, which can be seen in (Table 3) and visualized through (Fig-
ure 3 & Table 3). We can verify that there is communication between
each patch using the adjacency matrix we acquired, but the key is to
choose the link that would allow the passage of tigers with the least
amount of loss [24]. The expenses incurred by tigers in exploiting the
links between various habitat patches in the given landscape complex
are then computed in order to determine such a path.

c:E—>N
3e|—>c(e)=reN,‘v’eeE,N={0,1,...}.

HABITAT 2
HABITAT &4
HABITAT 3
Figure 2: Sample landscape complex.
1 2 3 B 5 6
HABITAT 1
HABITAT 2
HABITAT 4

HABITAT 3

Figure 3: Sample landscape complex with connectivity.
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Table 3: Adjacency matrix A=[aij] for tiger habitats in the sample
landscape complex.

HABITAT 1 | HABITAT 2 | HABITAT 3 | HABITAT 4
HABITAT 1 0 1 1 1
HABITAT 2 1 0 1 1
HABITAT 3 1 1 0 1
HABITAT 4 1 1 1 0

We further develop the Assurance game model incorporating the
contribution of each grid component while computing the cost ma-
trix. Due to its existence or absence, each landscape element influenc-
es the cost matrix. We take into account five criteria for the current
model, [25] and we categorize them as indicated in (Table 4).

Table 4: Factor categorization and score contribution.

Hugria = -7

Fao =T (7 6)+(8-1)

14(.7-.6)+8(8-.7)

=11

Table 5: Cost matrixes of the tiger for using existing corridors be-
tween different habitat patches in the complex.

HABITAT 1 | HABITAT 2 | HABITAT 3 | HABITAT 4
HABITAT 1 8 512 513 514
HABITAT 2 521 8 523 524
HABITAT 3 531 532 8 534
HABITAT 4 541 542 543 8

Membership Contribution
Factor | Nature(As- |4 | gg | 06| 04| 02| 0 | EXAMPLE
sumed)
. WATER
a Cooperative | 20 | 14 | 8 1 -8 | -15 BODY
. FOREST
b Cooperative | 20 | 14 | 8 1 -8 | -15 COVER
. AGRICUL-
c Defecting 6 6 6 6 6 6 | TURE LAND
d Cooperative | 20 | 14 | 8 1 -8 | -15 | PREY BASE
e Defecting 6 6 6 6 6 6 | HIGHWAYS

For the purpose of scoring, we make few assumptions for our
model, which can be perfectly calculated once worked on with the Re-
mote Sensing and GIS data. The assumptions made are:

1.  The area of each grid in the landscape is constant = A.

2. The area occupied by a factor f in a grid Gij denotes the
membership of the factor in the considered grid and is given by:

iy = Apey 1 4

3. The score of each parameter in a grid is based on its cate-
gorization and then application of bilinear interpolation between
the values considered. For e.g. if

then

Based on the above criteria of scoring, the various factors with
respect to tiger using the membership of each factor in each grid and
the strategy space [26-28] of Assurance game the following cost ma-
trix is obtained (Table 5). For the present theoretical modelling we
assume the following order of the scores, which can be correctly ob-
tained using the presence, absence and abundance data of Remote
Sensing and GIS:

S$13 = 831 < 512 = §21 < 8§34 = §43 < §23 = 8§32 < §24 = §42 < §514 = S41

Using the above scores, we can rank the grids using the chain code
algorithm which can be seen as: (Figure 4) Let the DFA that models
the corridor designing and improving the landscape conditions for
supporting movement of tigers be M (0,%,4,5,4) . We list the objects
comprising M in the following paragraphs:

Q comprises the following set of states, representing the different
states of grids that the tiger encounters while moving through it:

. Initial State(I)

. Not fovourable state(NFS)

. Fairly fovourable state(FFS)

. Moderately fovourable state(MFS)

. Fovourable state(FS)
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Figure 4: Ranked grids using the cost matrix.

The set of symbols also termed as alphabet £ = {a, b, c, d, e}
includes the letters (inputs for the automata), that happen to be the
parameters present in the grid to play G.

[ is the initial state, describing the initial state of a grid which ap-
pears as the tigers move out from the territorial region. The transition
function § is explained by the following matrix: (Table 6)

Table 6: Transitions of A to various states.

Letter HED & b C d S
State 1
I MFS FS NFS FFS NFS
NES FFS FS NFS FFS NES
FFS MFS FS NFS MFS NFS
MFS FS FS FFS FS NFS
FS FS FS FFS FS NFS

habitat patch area

not favourable for
movement

low favourable

moderately
favourable

highly favourable

EOEE N

There exist two states which may be included in the state of final

states which are:

. NFS: Not Favorable for movement of tigers and thus cannot
be supported or converted to corridor due to massive interferenc-
es from inhibitory sources.

. FS: Favorable State for movement, as it supports the move-
ment of tigers through them with highest priority.

There exist two states which may be included in the state of final
states which are:

. NFS: Not Favorable for movement of tigers and thus cannot
be supported or converted to corridor due to massive interferenc-
es from inhibitory sources.

. FS: Favorable State for movement, as it supports the move-
ment of tigers through them with highest priority (Figure 5).
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Figure 5: DFA for grid state transitions to model wildlife corridors.

The above Automaton would generate a regular grammar (CFG),
which would, in essence, be obtained by the transition function §. Let
the non-terminals in the DFA are denoted by Y. Y comprises the fol-
lowing states:

. [: Initial State (I)

. J: Not favorable state (NFS)

. K: Fairly favorable state (FFS)

. L: Moderately favorable state (MFS)
. M: Favorable state (FS)

Corresponding to such a set of non-terminal states, the context
free grammar (CFG) could be written as:

- - cJ|aK|cL|Dm|eK
*J— cJ]aK]|cL|dM|eK
K- cJ|aK|cL|dM|eK
L— cJ|aK|cL|dM|eK
*M— cJ|aK|cL|dM|eK

], M is the final state of the automata, which, for the sake of identi-
fication, is prefixed by an asterisk sign.

Conclusion
The current work was created with the following goals:

(i) Obtain a rule set to design a workable tiger corridor net-
work, connecting the tiger habitat patches in the landscape com-
plex using a repeatable [29-34] computational procedure; and

(i)
underlying community structure, in order to concentrate conser-
vation efforts on them.

Identify the most crucial habitat patches, along with their

In this study, we employed deterministic finite automata to create
a language that may be used as a template for creating actual tiger
corridors in the Indian landscape. The designing of the corridor is
entirely based on the structural definition of connectivity, and as a
result, some critically important landscape features, such as the biotic
factors of the availability of prey [35-40] base and water, are not taken
into account when computing the cost matrix, which is a limitation of
the modelling described in the paper. By design, the work is kept sim-
ple to offer a foundational computational architecture for visualizing
a[41,42] workable structural corridor network design in the primary
tiger habitat complex. Due to two factors—first, our paper prioritized
path efficiency over repetitions, and second, the work focuses on esti-
mating the best connecting strategies for the CTHs rather than taking
into account alternate paths—we may be able to justify this omission
of path redundancy consideration [43-47]. We are aware that such
simplification frequently does not correspond to the circumstances
of a genuine corridor. However, we anticipate that our current work
would provide a computational framework for building tiger corri-
dors, which may undoubtedly be enhanced by including field data
from realistic considerations.
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